This paper collects the first large-sample-size study on the presence of Cryptosporidium 28 oocysts and Giardia cysts in drinking water plants at the 20 most populated towns in 29 Aragón (north-eastern Spain). Samples of influent raw water and effluent finished water 30 were collected from each plant during different seasons and processed according to 31 USEPA Method 1623. Cryptosporidium oocysts and Giardia cysts were detected in 32 samples collected from 55% and 70% plants, respectively, with nine plants being 33 positive for both protozoa and only four plants being negative over the study period. 34 Both parasites were identified in the raw water throughout the year, with a lower 35 frequency in autumn and a peak in winter, at a mean concentration of 67 ± 38 oocysts 36 per 100 litres and 125 ± 241 cysts per 100 litres. The turbidity of raw water was not 37 related to the presence or concentration of (oo)cysts, and the (oo)cyst removal 38 efficiency was not related to the type of water treatment. One or both pathogens were 39 identified in the finished water in 7 out of 11 plants with a conventional treatment 40 process (coagulation, flocculation, sedimentation, filtration, and disinfection processes) 41 compared to 4 out of 9 plants that did not apply one of the pre-chlorination treatment 42 steps. Protozoa were detected in the finished water of positive plants at a mean 43 concentration of 88 ± 55 oocysts per 100 litres and 37 ± 41 cysts per 100 litres, and 44 most of them excluded propidium iodide so were considered potentially viable. The 45 ubiquity of these parasites in the drinking water sources and the inefficiency of 46 conventional water treatment in reducing/inactivating them may present a serious public 47 and the European Drinking Water Directive (Directive 98/83/EC) (Chalmers, 2012).
health issue in this geographical area.
Introduction

52
Cryptosporidium and Giardia are the most common parasites involved in the etiology 53 of waterborne diarrheic outbreaks in human populations in developed countries. 54 A total of 160 water samples were analysed for the presence of Cryptosporidium through Filta-Max filters (IDEXX Laboratories, Inc., Westbrook, ME, USA) using a 147 motorized pump at recommended flow rates. The holding times of each step in the 148 treatment were taking into account during sampling, in order to examine the same water at both points in the process. The filters were transported to the laboratory in labelled 150 and sealed plastic bags, and stored at 4°C. Elution procedures were carried out within 151 24 hours after collection with the Filta-Max Manual System (IDEXX Laboratories, Inc.) 152 according to the manufacturer's instructions. After centrifugation at 1,500 × g for 15 153 min, the supernatant was aspirated to 20 ml and 10 ml of the resuspended pellet was 154 subjected to immunomagnetic separation (IMS). The potential viability of (oo)cysts was estimated by staining with the vital dye 171 propidium iodide (PI) (Sigma-Aldrich, USA). Stock solution was prepared by 172 dissolving PI in distilled water (1mg/ml). A volume of 10 μl of PI working solution 173 were added to each well and incubated at room temperature in the dark for 1 minute, 174 and excess PI solution was removed by washing the slides in distilled water. The
The removal efficiency of (oo)cysts by each plant and sampling time was calculated as The (oo)cyst removal efficiency was not related to the type of water treatment. One or 242 both protozoa were identified in the finished water of 7 out of 11 facilities with a 243 conventional treatment process (coagulation, flocculation, sedimentation, filtration, and 244 disinfection processes) compared to 4 out of 9 plants that did not apply one of the pre-245 chlorination steps. No obvious differences were seen in the removal efficiency in 246 relation to the type of filtration, since (oo)cysts were seen in the effluent water of plants 247 using rapid filtration (4/5), sand plus activated carbon filtering (3/6) or slow filtration (2/4). The mean turbidity of the raw water samples ranged from 0 to 32 NTU and was 249 not related to the presence or concentration of (oo)cysts, as demonstrated by the low 250 turbidity values (< 1 NTU) in some positive samples and the high value (> 5 NTU) 251 recorded in some negative plants (Table 1) Click here to download high resolution image
